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Summary. The microbial compositions of two soils from the northern Ecuadorian Amazon (Francisco de Orellana
province), one contaminated with petroleum and the other uncontaminated, were compared. Classical culture and molecular
techniques were used to analyze microbial diversity. The cultivable Bacteria from contaminated soil belonged to betapro-
teobacteria (16.6%), gammaproteobacteria (66.6%), and Firmicutes (16,6%), whereas in uncontaminated soil, cultivable
Bacteria were identified as gammaproteobacteria (80%) and Firmicutes (20%). Analysis of the 16S rRNA showed that in the
contaminated soil proteobacterial populations (alpha-, beta- and deltaproteobacteria) were more abundant than acidobacterial
populations. The Shannon index (H′ ) was used to estimate diversity in the contaminated and uncontaminated soil. Diversity
was higher in the uncontaminated (H′ = 2.16) than in the contaminated (H′ = 1.72) soil sample. Further studies are needed
to determine whether the differences between contaminated and non-contaminated soil samples were due to spontaneous
bioremediation microbial activity. [Int Microbiol 2008; 11(2):121-126]
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Introduction
Petroleum is a natural product resulting from the anaerobic
conversion of biomass under high temperature and pressure.
Although most of its components are subject to biodegrada-
tion, this occurs at relatively slow rates. Moreover, petroleum
hydrocarbons are poorly degraded and have thus become the
most widespread environmental contaminant [16]. These
hydrocarbons can be divided into saturates, aromatics, asphal-
tenes (phenols, fatty acids, ketones, esters, porphyrins), and
resins (pyridines, quinolines, carbazoles, sulfoxides, amides)
[22]. These four classes differ in their susceptibility to micro-
bial attack.
Soils are exceptionally complex, highly dynamic systems
that are the product of intimate interactions between biotic
and abiotic processes that have taken place over billions of years.
They are highly porous materials, in which the dynamic mix of
water and air-filled spaces fluctuates according to prevailing envi-
ronmental conditions. The result is a spatially complex environ-
ment that drives the spatial and temporal heterogeneity of micro-
bial diversity [18]. The immense diversity of soil-living microbes
remains, to a large extent, unexplored. This is not surprising since
1 g of soil may harbor up to 1010 microorganisms. 
Ecological diversity is considered to be a function of both
the number of different types (richness or variety) of life
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forms and the relative importance of the individual elements
among them (evenness or equitability). However, appropriate
tools for quantifying microbial diversity in natural communi-
ties are lacking. Recently, the application of molecular tech-
niques in environmental microbiology has provided a door-
way to the discovery of organisms that are difficult to grow
in the laboratory. Sequencing the microbial world will facili-
tate the discovery of hitherto unknown microorganisms and
hitherto unknown functions of microorganisms. Microbial
diversity on Earth is vast, albeit largely unexplored. To date,
55 divisions of Bacteria and 13 divisions of Archaea have
been described. Soil is thought to contain more than 20 bac-
terial divisions, while approximately 12 division are repre-
sented in the Sargasso [6,8,23,24,26]. 
The ability of microbes to degrade organic contaminants
into harmless constituents has been explored as a means to
biologically treat contaminated environments. This approach,
referred to as bioremediation, is the subject of intense labo-
ratory research and in situ applications [25]. Bioremediation
has been increasingly considered as an appropriate strategy
to restore hydrocarbon-contaminated soils in ecologically
protected areas from the Ecuadorian Amazon region, where
both routine deliberate discharges and accidental spills are
common [11]. The bioremediation procedures currently used
in this region include land farming and biopiles combined
with bioaugmentation (inoculation of non-indigenous micro-
organisms). Amazon soils seem to foster lower bacterial
diversities than soils in other regions [5], suggesting that
introduced bacteria are exposed to harsh conditions and com-
petition from well-adapted native bacteria [28]. Additionally,
the introduction of foreign bacterial species in ecologically
protected areas, even if for bioremediation purposes, remains
technically questionable. 
Soils usually contain native microbiota capable of metab-
olizing hydrocarbons [2,8,15,28] and thus of initiating spon-
taneous bioremediation. In this study, culture-dependent and
culture-independent approaches (DNA sequences of the 16S
rRNAV3 region) were used to determine the taxonomic com-
position of bacterial communities present in a sample from
soil contaminated with petroleum and to compare it with the
bacterial communities in a non-contaminated soil sample. 
Materials and methods
Soil samples. Two soil samples (5 cm deep from the surface) were col-
lected in May 2006 in the proximity of an oil well in the northern Ecuadorian
Amazon basin (Francisco de Orellana province). One sample was obtained
from soil contaminated with petroleum (618.3 mg of hydrocarbon per kg)
and the other sample from uncontaminated soil (70.08 mg of hydrocarbon
per kg). The samples were taken from bare soils with apparently similar
characteristics, and the contamination status was established by visual
inspection. 
Isolation of axenic bacterial cultures. A solution of 10 g of soil
in 250 ml of tryptic soy broth (Difco, Detroit, MI) was prepared and incu-
bated at 30°C for 24 h. Ten microliters of the supernatant was streaked on
tryptic soy agar (Difco), and incubated at 30°C for 48 h. 
DNA extraction and polymerase chain reaction. Total DNA
was extracted from 0.5 g of soil samples with the UltraClean Soil DNA purifi-
cation kit (Mo Bio Laboratories, Carlsbad, CA) and following the instructions
provided with the kit. DNA from pure cultures was extracted with DNAzol
(Invitrogen, Carlsbad, CA) following the manufacturer’s instructions.
Successful DNA extraction was determined by agarose gel electrophoresis
(0.8% agarose). Polymerase chain reaction (PCR) amplification was carried
out using the bacterial primers 16SV3f (5´-CCTACGGGAGGCAGCAG-3´)
and 16SV3r (5´-ATTACCGCGGTGCTGG-3´). These primers amplify the
V3 region corresponding to the 16S rRNA gene in the different bacterial
species and to positions 341–534 in E. coli [17]. PCR amplification was done
using pure Taq Ready-To-Go PCR Beads (Amersham Biosciences,
Piscataway, NJ) with 25 μM of each primer. To verify the absence of any
PCR-inhibiting compounds, a control was established by mixing DNA
extracted from soil with E.coli DNA (1:1 dilution). The PCR conditions were
as follows: initial denaturation at 94°C for 4 min, followed by 30 cycles of
denaturation at 94°C for 30 s, primer annealing at 51°C for 30 s, elongation
at 72°C for 30 s, and a final extension step at 72°C for 20 min. 
Cloning of amplicons. Products of three PCR reactions were pooled
and ligated into plasmid pCR 2.1-TOPO (Invitrogen) and introduced into
One Shot TOP10 Chemically competent E. coli (Invitrogen) following the
instructions of the manufacturer (TOPO TA cloning kit, Invitrogen).
Transformed cells were transferred to 250 μl of SOC medium and incubat-
ed at 37ºC for 1 h. A 50-μl aliquot of the transformed cells was spread on LB
agar plates containing 50 μg kanamycin/ml and 40 mg XGal/ml.
Recombinant colonies were isolated, purified by alkaline extraction [21],
and the inserts identified by digestion with EcoRI and subsequent agarose
gel electrophoresis (1.2% agarose). For sequencing purposes, clones were
purified with the SNAP miniprep kit (Invitrogen). Inserts of 109 plasmids
were sent for sequencing to Macrogen (Rockville, MD) but only 53
sequences could be obtained. The inserts were analyzed using BLAST and
the neighbor-joining method. Sequences were submitted to the GenBank
database and assigned accession numbers EF486799 to EF486852.
Bacterial diversity and 16S rRNA gene library compari-
son. Soil bacterial diversity was estimated for the two samples using the
Shannon index (H′ = –∑pi ln pi), where pi is the proportion of clones of each
phylum and the total clone number (estimated using n/N) [10]. Differences
in bacterial taxonomic composition between the two libraries were assessed
using the LIBSHUFF program version 0.96 [22].
Results and Discussion
The bacterial composition of contaminated and non-contam-
inated soil samples differed significantly (P = 0.005) as
determined by the LIBSHUFF program. Phylogenetic analy-
sis of 16SrRNA gene sequences of uncultured soil samples
showed that Acidobacteria predominated in non-contaminated
soil whereas in contaminated soil Proteobacteria were the
most abundant (Figs. 1 and 2). Oil contamination seemed to
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negatively affect Chloroflexi, Cyanobacteria, Nitrospirae,
and Planctomycetes, which were abundant in the non-con-
taminated sample but absent in the contaminated soil sample.
Soil bacterial phylotype diversity, as estimated by the Shannon
index [10], in the non-contaminated sample was higher
(H′ = 2.16) than that of the contaminated sample (H′ = 1.72).
These data supported the above findings, in that oil contami-
nation seemed to reduce biodiversity and encourage the prop-
agation of Proteobacteria, a bacterial group commonly asso-
ciated with hydrocarbon degradation processes [19,28,30].
The microbiota of uncontaminated soil was unremarkable.
As in soils in different parts of the world, Acidobacteria was
the most abundant bacterial group [7,13,14].
Culture in nutrient media failed to reflect the diversity of
the soil microbiota composition. Most Bacteria isolated from
TSA cultures of contaminated soil were identified as
gammaproteobacteria and Firmicutes, whereas culturable
Bacteria from uncontaminated samples belonged to betapro-
teobacteria, gammaproteobacteria, and Firmicutes (Table 1).
In agreement with previous studies, genomic analysis yielded
more information than direct culture of soil samples in nutri-
ent media [3,9,16,26]. Previous reports indicated that micro-
biological culture boosts fast-growing bacteria and thus may
not reflect bacterial diversity in soils [4,12,29]. 
In some regions of the world, the proliferation of native
degradative bacteria has resulted in spontaneous cleaning
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Fig. 1. Phylogenetic trees generated by the neighbor-joining method using DNA sequences corresponding to the V3
region of 16S rRNA from bacteria living in uncontaminated soil. (A) Acidobacteria, Bacteroidetes, and unclassified
Bacteria. (B) Proteobacteria. Numbers correspond to bootstrap values.
124 INT. MICROBIOL. Vol. 11, 2008
events [2,20,24]. In the Amazon, this process may be
enhanced by the high temperatures and humidity typical of
the region [1]. Future studies should determine whether the
spontaneous changes in bacterial diversity described in this
report correspond to a bioremediation process. Finally, even
though soil samples were collected from the same location
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Fig. 2. Phylogenetic trees generated by the neighbor-joining method using DNA sequences corresponding to the V3
region of the 16S RNA from bacteria living in oil-contaminated soil. (A) Acidobacteria and Bacteroidetes, (B) Fir-
micutes, (C) Proteobacteria, (D) Cyanobacteria, Chlamydiae, Nitrospirae, Planctomycetes, and Choroflexi. Numbers
correspond to bootstrap values. 
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and from sites that appeared to share similar characteristics,
some of the variation in microbiota composition may have
been due to minor differences in soil composition.
Aknowledgements. We thank Vanja Kepac, Manuel Baldeón,
Venancio Arahana, and Owen Solberg for technical advice, and Mercedes
Berlanga for assistance with the final form of the manuscript.
References
1. Atlas RM (1975) Effects of temperature and crude oil composition on
petroleum biodegradation. Appl Microbiol 30:396-403
2. Bento FM, Camargo FAO, Okeke BC, Frankenberger WT (2005)
Comparative bioremediation of soils contaminated with diesel oil by
natural attenuation, biostimulation and bioaugmentation. Bioresour
Technol 96:1049-1055
3. Cheung PY, Kinkle BK (2001) Mycobacterium diversity and pyrene
mineralization in petroleum-contaminated soils. Appl Environ Micro-
biol 67:2222-2229
4. Ferrari BC, Binnerup SJ, Gillings M (2005) Microcolony cultivation on
a soil substrate membrane system selects for previously uncultured soil
bacteria. Appl Environ Microbiol 71:8714-8720
5. Fierer N, Jackson RB (2006) The diversity and biogeography of soil
bacterial communities. Proc Natl Acad Sci USA 103:626-631
6. Guerrero R, Berlanga M (2006) “Life’s unity and flexibility”: the eco-
logical link. Int Microbiol 9:225-235
7. Hackl E, Zechmeister-Boltenstern S, Bodrossy L, Sessitsch A (2004)
Comparison of diversities and compositions of bacterial populations
inhabiting natural forest soils. Appl Environ Microbiol 70:5057-5065
8. Hamamura N, Olson SH, Ward DM, Inskeep WP (2006) Microbial pop-
ulation dynamics associated with crude-oil biodegradation in diverse
soils. Appl Environ Microbiol 72:6316-6324
9. Handelsman J (2004) Metagenomics: application of genomics to uncul-
tured microorganisms. Microbiol Mol Biol Rev 68:669-685
10. Hill T C, Walsh KA, Harris JA, Moffett BF (2003) Using ecological
diversity measures with bacterial communities. FEMS Microbiology
Ecology 43:1-11
11. Hurtig AK, San Sebastián M (2005) Epidemiology vs epidemiology: the
case of oil exploitation in the Amazon basin of Ecuador. Int J Epidemiol
34:1170-1172
12. Kaeberlein T, Lewis K, Epstein SS (2002) Isolating “uncultivable”
microorganisms in pure culture in a simulated natural environment.
Science 296:1127-1129
13. Kuske CR, Barns SM, Busch JD (1997) Diverse uncultivated bacterial
groups from soils of the arid southwestern United States that are present
in many geographic regions. Appl Environ Microbiol 63:3614-3621
14. Lim HK, Chung EJ, Kim JC, Choi GJ, Jang KS, Chung YR, Cho YK,
Lee SE (2005) Characterization of a forest soil metagenome clone that
confers indirubin and indigo production on Escherichia coli. Appl
Environ Microbiol 71:7768-7777
15. MacNaughton SJ, Stephen JR, Venosa AD, Davis GA, Chang YJ, White
DC (1999) Microbial population changes during bioremediation of an
experimental oil spill. Appl Environ Microbiol 65:3566-3574
16. Margesin R, Labbe D, Schinner F, Greer CW, Whyte LG (2003)
Characterization of hydrocarbon-degrading microbial populations in
contaminated and pristine Alpine soils. Appl Environ Microbiol
69:3085-3092
17. Muyzer G, de Waal EC, Uitterlinden AG (1993) Profiling of complex
microbial populations by denaturing gradient gel electrophoresis analy-
sis of polymerase chain reaction-amplified genes coding for 16S rRNA.
Appl Environ Microbiol 59:695-700
SOIL MICROBIOTA FROM ECUADORIAN AMAZON
Table 1. Percentage of bacterial taxa detected in petroleum-contaminated and uncontaminated soil samples. Taxonomic affiliation of
bacteria was determined by BLAST and by neighbor joining analysis 
Contaminated soil Non-contaminated soil
Groups Cultivable isolates 16S rRNAV3 sequences Cultivable isolates 16S rRNAV3 sequences
Alphaproteobacteria − 23.8 − 5.6
Betaproteobacteria 16.6 9.5 − 5.6
Gammaproteobacteria 66.6 19.0 80.0 −
Deltaproteobacteria − 14.3 − 8.3
Unclassified Proteobacteria − 4.8 − −
Bacteroidetes − 4.8 − 11.1
Chloroflexi − − − 2.8
Acidobacteria − 14.3 − 33.3
Cyanobacteria − − − 5.6
Nitrospirae − − − 5.6
Chlamydiae − − − 2.8
Planctomycetes − − − 2.8
Firmicutes 16.6 − 20 5.6
Unclassified Bacteria − 9.5 − 11.1
126 INT. MICROBIOL. Vol. 11, 2008 BARRAGÁN ET AL
18. O’Donnell AG, Young IM, Rushton SP, Shirley MD, Crawford JW
(2007) Visualization, modelling and prediction in soil microbiology. Nat
Rev Microbiol 5:689-699
19. Pearson A, Kraunz KS, Sessions AL, Dekas AE, Leavitt WD, Edwards
KJ (2008) Quantifying microbial utilization of petroleum hydrocarbons
in salt marsh sediments by using the 13C content of bacterial rRNA.
Appl Environ Microbiol 74:1157-1166
20. Roling WF, Milner MG, Jones DM, Fratepietro F, Swannell RP, Daniel F,
Head IM (2004) Bacterial community dynamics and hydrocarbon degra-
dation during a field-scale evaluation of bioremediation on a mudflat beach
contaminated with buried oil. Appl Environ Microbiol 70:2603-2613
21. Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning: a labora-
tory manual. 2nd. edn. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY
22. Sánchez O, Ferrera I, Vigués N, García de Oteyza T, Grimalt J, Mas J
(2006) Presence of opportunistic oil-degrading microorganisms operat-
ing at the initial steps of oil extraction and handling. Int Microbiol
9:119-124 
23. Singleton DR, Furlong MA, Rathbun SL, Whitman WB (2001)
Quantitative comparisons of 16S rRNA gene sequence libraries from
environmental samples. Appl Environ Microbiol 67:4374-4376
24. Song D, Katayama A (2005) Monitoring microbial community in a sub-
surface soil contaminated with hydrocarbons by quinone profile.
Chemosphere 59:305-14 
25. Sonakya V, Raizada N, Hausner M, Wilderer PA (2007) Microbial pop-
ulations associated with fixed- and floading-bed reactors during a two-
stage anaerobic process. Int Microbiol 10:245-251
26. Tringe SG, Rubin EM (2005) Metagenomics: DNA sequencing of envi-
ronmental samples. Nat Rev Genet 6:805-814
27. Tyson GW, Chapman J, Hugenholtz P, Allen EE, Ram RJ, Richardson
PM, Solovyev VV, Rubin EM, Rokhsar DS, Banfield JF (2004)
Community structure and metabolism through reconstruction of micro-
bial genomes from the environment. Nature 428:37-43
28. Viñas M, Sabaté J, Espuny MJ, Solanas AM (2005) Bacterial community
dynamics and polycyclic aromatic hydrocarbon degradation during
bioremediation of heavily creosote-contaminated soil. Appl Environ
Microbiol 71:7008-7018
29. Wade W (2002) Unculturable bacteria–the uncharacterized organisms
that cause oral infections. J R Soc Med 95:81-83
30. Wawrik B, Kerkhof L, Kukor J, Zylstra G (2005) Effect of different car-
bon sources on community composition of bacterial enrichments from
soil. Appl Environ Microbiol 71:6776-6783
